Summary
Rabbit antibodies against Encephalitozoon cuniculi were detected in an enzyme immunoassay procedure in which antigen was grown and used in situ. The test appeared to be more sensitive than the indirect immunofluorescence test with which it was compared, but gave essentially the same results for the 64 sera evaluated. This procedure will allow any laboratory with cell-culture facilities to produce a diagnostic antigen without the need for antigen processing. It is simple and reliable, and does not require specialized equipment or microscopic assessment.
Various serodiagnostic procedures
for Encephalitozoon cuniculi infection have been reported over recent years. These include immunofluorescence (Chalupsky, Vavra & Bedrnik, 1973; Cox & Pye, 1975) , the india-ink immunoreaction (Waller, 1977) , immunoperoxidase (Gannon, 1978) , indirect microagglutination (Shadduck & Geroulo, 1979) and complement fixation (Wosu, Olsen, Shadduck, Koestner & Pakes, 1977) . All of these tests have certain problems associated with their use. The complement-fixation test requires antigen to be further processed after harvesting, a step that can cause variation between batches of antigen. Neither the complement-fixation test nor the india-ink immunoreaction are able to measure separately the various immunoglobulin classes, achieved when a doubleantibody diagnostic procedure is used. Additionally, the underlying principle of the india-ink immunoreaction is as yet unexplained, and recently several reports have also questioned the reliability of the technique (Shadduck & Geroulo, 1979; Chalupsky, Vavra & Bedrnik, 1979) . However, all the doubleantibody tests described require microscopic evaluation with concomitant subjectivity. This can lead to poor reliability in inexperienced hands.
We have now applied the enzyme immunoassay (EIA) test to the diagnosis of encephalitozoonosis. Antigen was grown and used in situ in a manner similar to that described recently for influenza virus by Bishai & Galli (1977) . The technique therefore has immunological precision without requiring antigen processing or microscopic evaluation. 
Materials and methods

Rabbit sera
Included amongst the sera used in this evaluation were some from rabbits from a colony known to be free from encephalitozoonosis (Cox, Gallichio, Pye & Walden, 1977) , sera from naturally-infected rabbits used in an earlier evaluation of the immunofluorescence test (Cox & Gallichio, 1977 , 1978 , sera from artificially-infected rabbits, (Cox, Hamilton & Attwood, 1979) and sera from Scottish wild rabbits (Cox & Ross, 1980) .
f mmunojluorescence procedures
Standard procedures for testing sera for antibodies to E. cuniculi have been described in detail elsewhere (Cox & Pye, 1975) , and modified methods for the production of E. cuniculi spores in foetal human fibroblast cell culture were reported by Cox et al. (1977) 
EfA procedures Preparation of antigen.
Cells from a culture of CSL300 foetal human fibroblasts, in which about 20% of the cells were infected with E. cuniculi, were mixed in the ratio of 1 : 3 with uninfected cells suspended in growth medium (Basal Medium Eagle, prepared at this laboratory as a liquid cell-culture medium, supplemented with 10% vlv unheated foetal calf serum and 10 mM HEPES buffer). This was seeded into each of the 24 wells (16 mm diameter) of a plastic tissueculture tray (Linbro Chemical Co. Inc., New Haven, USA). Each well received about 5 x 10 4 cells in I ml of growth medium. Incubation was continued for 9 days with I medium change. When 50-70% of cells were grossly infected and it was considered that further growth could result in complete destruction of the cell sheet, growth medium was removed, the cell sheet rinsed twice in PBS (phosphate buffered saline :0·01 M phosphate, 0·145 M sodium chloride, pH 7·1) and fixed in absolute ethanol at 20°C for 5 min. This treatment had previously been shown (Cox cells without affecting the antigenicity of E. cuniculi spores. Plates were incubated at 37°C for 30 min in EI A buffer (PBS containing 0·02% bovine serum albumin (BSA) and a hydrophilic emulsifier, 0·05% Tween 20' ICI, Melbourne, Australia), washed 3 times in PBS then stored dry at 4°C until required.
Preparation a/peroxidase conjugate. The IgG fraction of a sheep serum anti-rabbit IgG (Commonwealth Serum Laboratories, Melbourne, Australia), prepared by DEAE cellulose chromatography, was labelled with horseradish peroxidase (Worthington Biochemical Co., New Jersey, USA) according to the procedure of Nakane & Kawaoi (1974) . Conjugate was eluted as the first peak by column separation using bead-formed cross-linked dextran gel ('Sephadex G 100'; Pharmacia Fine Chemicals, Uppsala, Sweden). The ratio of the extinction co-efficients at 403 and 280 nm for this peak wasO·41.
EIA test procedure. Assays were performed according to the method of Ruitenberg, Steerenberg, Brosi & Buys (1976) . Serum and conjugate dilutions were made in EIA buffer. Antigen wells were incubated for 30 min at 37°e with 0·2 ml of serum dilution, then washed thrice with EIA buffer and twice with PBS. Wells were then incubated for 30 min at 37°C with O· 2 ml of conjugate dilution and washed as before. Enzyme substrate, 0·5 ml of 5 amino salicylic acid prepared as described by Ruitenberg et al. (1976) , was allowed to react for 30 min at room temperature and the colour intensity was then measured at 450 nm on a spectrophotometer.
Dilutions of a reference positive and negative serum and PBS controls were included on every plate.
Results
Sera were screened for antibodies to E. cuniculi at dilutions of I in 10 and 1 in 100 and some positive sera were titrated in loglo steps from 1 in 10 to 1 in 10000. A serum was judged positive by EIA if its spectrophotometric reading at both screening dilutions was at least 1·5 times the reading obtained for the known negative serum of the same dilution on that plate. Of the 64 sera tested by EIA and immunoAuorescence (1FT), 31 were positive and 31 negative Cox, Horsburgh & Pye by both tests, 1 was positive by 1FT and negative by EIA and 1 the reverse. This 1FT positive serum (titre 100) was from a rabbit which had developed serum antibodies 2 weeks previously and, on necropsy, was found to have E. cuniculi in the kidney (Cox & Gallichio, 1978) . Subsequent 1FT studies using an anti-IgM conjugate showed large quantities of specific IgM in this serum. Since the EIA test was performed with a specific anti-IgG conjugate, this result should not be treated as a false negative. The 1FT negative, EIA positive serum was from a rabbit in a colony free from E. cuniculi (Cox et al., 1977) . However the ratio was 1·51 and duplicate retests both gave a negative result.
The EIA procedure was found to be of satisfactory reproducibility, although the variation from plate to plate was greater than desirable. Median and range for a number of determinations of the positive and negative sera and the PBS control are shown in Table  1 . Generally, a low value for the positive serum reAected a correspondingly low value for the negative serum, so that the ratio of the results exceeded 2·0 in all but I case (1·67).
The EIA was about 10 times (5-20) as sensitive as IFT, as judged by parallel titrations of 8 high-titre sera by both techniques. Plates, stored dry for a year at 4°C, showed no detectable loss of antigenicity.
Discussion
At present, immunoAuorescence is the only diagnostic procedure the reliability of which has been established in rabbits with chronic and recent natural infections with E. cuniculi (Cox & Gallichio, 1977; 1978) . Here, we have described and evaluated an EIA using some of the same sera used in the above evaluations and have found that it is as reliable as immunoAuorescence in the detection of IgG specific for E. cuniculi. The procedure has a number of advantages when compared with other diagnostic procedures. It is a double-antibody technique which therefore permits separate measurement of the levels of different immunoglobulin classes in the immune response. However, unlike all other double-antibody procedures (immunoAuorescence, immunoperoxidase and indirect-microagglutination) and the india-ink immunoreaction, microscopic evaluation is not re- 
